A thick-walled elastic cylinder contracting symmetrically is used as a model for the myocardium.
N the first part of this study,7) an equation describing the pressure-volume (P-V) relation in the left ventricle was developed.
The main feature of this equation is that the radial force/unit area developed by the myocardium on its inner surface during the systolic phase, which plays the role of an active or driving force during a normal ejecting contraction, is included in the mathematical formalism describing the P-V relation.
The equation for the P-V relation in the left ventricle given in Shoucri7) was used to explain the linearity of experimental results obtained according to the Suga-Sagawa model.6) The purpose of the present study is to focus on the non-linear aspect of the P-V relation in the Suga-Sagawa model. Because of the lack of adequate experimental data for our purpose, we shall focus our attention to the quadratic approximation of the P-V curve in the Suga-Sagawa model and check the consistency of our formalism with the experimental data given by Little et al.5) The approach used in the present study can serve as a guide to derive higher order approximation to the P-V curve in the Suga-Sagawa model.
MATHEMATICAL FORMALISM
The assumptions are basically the same as those given in Shoucri.7)-9) The myocardium is represented as an elastic thick-walled cylinder contracting sym- metrically without bending or twisting.
As a result of the active state of the myocardium, the myocardium will develop a radial force D(r) (force/unit volume of the myocardium) during the systolic phase of a normal ejecting contraction (see Fig. 1 
Since ln (1+y)=y-(y2/2) for y<1,
From equations (2), (8), (9) and (10), we can write
The quantity ƒ¿3 involves the factor (1/Ved2)-(1/(Ved+VƒÖ)2) and is negligible compared to ƒ¿1 and ƒ¿2. Consequently, Esmin=ƒ¿1.
The mean value E1 is defined as follows: 
Note that equation (34a) is equation (25). Equation (34b) is an alternative form of equation (1) in the non-linear case when we assume a quadratic approximation with E given by equation (13). Equation (34c) assumes a linear approximation. The results are shown in Table III .
The results of equations (34a) and (34b) compare well; results from equation (34c) are of greater magnitude. 
CONCLUSION
In previous studies,7)-9) a linear approximation of an equation of the P-V curve in the Suga-Sagawa model was derived and applied to experimental results to explain the linear appearance of the P-V curve.
In the present study, the same mathematical formalism is used to derive a quadratic approximation of the P-V curve in the Suga-Sagawa model. The results obtained in the present study confirm the results obtained with the linear model that the radial force/unit area Dh developed by the myocardium on its inner surface is constant along a P-V curve of the Suga-Sagawa model and is given by the isovolumic pressure Ped (see equations (33a) and (33b)). In other words the P-V curve in the Suga-Sagawa model is obtained as if a balloon is blown up against a constant Dh. Both the results of the present study and the theoretical discussion in Shoucri9) indicate that the P-V curve is essentially non-linear.
The value of Dh as obtained from a linear model tends to be slightly higher than the value obtained from the non-linear model (Table III) .
Dh reaches its maximum value near end-systole (defined as the value V=Ves when dV/dt=0) and for the same inotropic state of the muscle appears to be mainly determined by the initial stretch of the muscle (initial value of Ved) for either isotonic, auxotonic or isovolumic contractions (inertia forces neglected).
